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Scope of Program 
The physics of interaction of a meteoroid with a relatively thin 
metallic shield and the damaging effects of the debris that passes through 
the shield will be investigated using analytical and experimental techniques. 
The influence of particle and target density, porosity, and heats of fusion 
and vaporization will be included in the investigation; and the relative 
efficiency of various s t ructural  concepts compared. 
pact velocities to be investigated experimentally will be up to 8. 0 km/sec.  
The pr imary  objective of the investigation is ,the establishment of design 
c r i t e r i a  and equations to define the penetration mechanics of meteoroids 
into typical spacecraft structures: j 
The range of im- 
- 
Accomplishments During the Reporting Period 
The computer program describing the response of a circular  plate 
to an axially-symetric impulsive load has been completed and debugged. 
The program is now being used to compute necessary backup plate thick- 
nesses  for meteoroid protection over the same range of variables as the 
previous "strip approximation" program. 
good comparison between thicknesses determined by each of the programs,  
These calculations a r e  continuing. 
Prel iminary results indicate 
Experimental R e s ults 
During the reporting period, experiments were per tormea to iurtner 
define the behavior of the momentum multiplication factor ,  MV/mv, as 
a function of impact velocity, shield thickness, spacing and projectile 
properties.  Shots D-995 and D-1224 with pyrex projectiles show no 
marked change from the results obtained using aluminum projectiles. 
Using cadmium for projectiles and shields has allowed the attain- 
ment of the debris through the shield in the form of solid, liquid o r  vapor. 
The tes ts  using cadmium (D-1019, D-1046 and D-1230) show no large 
change from the results obtained using aluminum projectiles and shields. 
However, D- 1045 shows a higher multiplication factor than obtained with 
aluminum. This is the only cadmium shot fired in which all the debris 
was in'the form of vapor. 
1.42, is considerably less  than the limit of 2. 0 obtained, assuming a p e r -  
fectly elastic collision of the vapor debris with the backup target. 
The value of momentum multiplication measured,  
2 
Two shots have been f i red to investigate the effect of the spacing 
These tes t s ,  D-996 and D-1225, with between the shield and backup. 
1. 27 centimeter spacing and 2.54 centimeter spacing respectively, gave 
quite different results for  the momentum multiplication factor. 
values obtained differ by the maximum e r r o r  assigned to these tes ts ,  
The 
t 4%. - 
In general, the momentum multiplication factor seems to be depen- 
dent upon the state of the debris and the amount of cratering that takes 
place in the backup sheet. 
f ac torily de te r m  ined. 
The effect of spacing has not been satis- 
Two experiments were performed to determine the momentum 
distribution on the backup. 
into two pieces and these pieces a re  mounted on independent ballistic 
pendulums. 
then measured. 
7 . 2  kilometers per second with 3.18 millimeter aluminum spheres 
impacting against 0. 635 millimeter aluminum shields with 5.08 centi- 
me te r  spacing between the shield and the backup. 
m a r  ized be low: 
In these experiments, the backup is cut 
The momentum imparted to each piece of the backup is 
The experiments were performed at approximately 
The results a r e  sum-  
Radius of measurement 
f rom center of impact 
Momentum 
m eas ur ed 
kg meters  /sec 
Area 
meters  
2 
Momentum 
Area 
kg/meter  s ec  
0 to 0.953 cm 
0 to 2.54 
0 to 5.08 
0.953 to 5.08 
2. 54 to 5.08 
0.953 to 2.54 
0.178 
0.359 
0.446 
0.268 
0.087 
0.170 
2.86 x 
20.1 
80.9 
78. o 
17.2 
60.8 x 
62 3 
178 
55.2 
34.4 
14.4 
98.8 
The measured distribution is shown in Figure 1 and compared with the 
assumed distribution used in the shell analysis calculations. 
Proposed Program fo r  the Next Reporting Period 
During the period f rom 1 February 1965 through 31 March 1965, 
calculations of the necessary backup thickness requirements for the 3 .  18 
, 
f 
' P  
millimeter aluminum, 1. 59 millimeter and Apollo particle wi l l  be cal-  
culated using the circular plate calculations and will be compared to the 
results obtained using the "s t r ip  approximation'' program. 
Experiments wi l l  be undertaken to examine the effects of projectile 
porosity and further tes ts  to determine momentum distribution on the 
backup wi l l  be performed. As these distributions a r e  determined, they 
will be utilized in the circular plate calculations to determine the effect 
of distribution upon the results. 
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